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WKHJDWHDURXQGWKHFKDQQHO6LQFHWKHJDWHZUDSVDURXQGIURPDOOWKHVLGHVLWFDQEHWWHUFRQWUROWKHFKDQQHODQGDV
UHVXOWVKRZVDOHVVHIIHFWRQVKRUWFKDQQHOHIIHFWVDQGOHDNDJHFXUUHQW
0RUHRYHU)LQ)(7VH[KLELWUHGXFHG',%/OHVV6XEWKUHVKROG6ZLQJ66KLJKRQFXUUHQW,21DQGOHVVRIIFXUUHQW
,2))$OOWKHVHFKDUDFWHULVWLFVGHSHQGRQWKHGLPHQVLRQVDQGVKDSHRIWKHILQ7KHUHDUHYDULRXVVWUXFWXUHVRI)LQ)(7
ZKLFKKDYHEHHQGHVLJQHGWRVKRZEHWWHUIXQFWLRQDOLW\VRPHRIWKHPEHLQJ'*)LQ)(77*)LQ)(7WULDQJXODU
VKDSHG )LQ)(7 GXDO PDWHULDO JDWH )LQ)(7 WDSHUHG WULJDWH )LQ)(7 WUDSH]RLGDO WULSOH JDWH )LQ)(7 *$$
)LQ)(7RPHJDVKDSHGJDWHQDQRZLUH)LQ)(7DQGKDORLPSODQW0X*)(7
,Q WKLV ZRUN ZH SURSRVH D VHW RI WKUHH KHWHURMXQFWLRQ VWUXFWXUHV 7KH WKUHH VWUXFWXUHV DUH FRPSDUHG DQG WKH
RXWFRPHVDUHUHSRUWHG,QWKHVHVWUXFWXUHVJDWHGLHOHFWULFVWDFNJDWHPDWHULDOVWDFNDQGJDWHXQGHUODSRQGUDLQVLGHDUH
XVHG
6HFWLRQVDQGGHVFULEHWKHGHYLFHDUFKLWHFWXUHRIWKHWKUHHGLIIHUHQWVWUXFWXUHVZLWKVLPXODWLRQVHWXS6HFWLRQ
PHQWLRQVWKHFRPSDUDWLYHUHVXOWVDQGGLVFXVVLRQRIWKHWKUHHVWUXFWXUHV6HFWLRQFRQFOXGHVWKHZRUN
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'HYLFHDUFKLWHFWXUHV
7KHFURVVVHFWLRQVRIWKUHHGLIIHUHQWVWUXFWXUHVRI)LQ)(7DUHVKRZQLQ)LJ$OOWKHWKUHHVWUXFWXUHVKDYH*H6L
*HERG\7KH ILUVW VWUXFWXUH6WUXFWXUH , LV WKHGXDOJDWHPDWHULDO GXDO GLHOHFWULFKHWHURMXQFWLRQ)LQ)(7ZKHUH6L
OD\HULVSODFHGLQWKHFKDQQHOQHDUWKHVRXUFHUHJLRQ7KHVHFRQGVWUXFWXUH6WUXFWXUH,,LVVLPLODUWR6WUXFWXUH,H[FHSW
WKDW6LOD\HULQWKHFKDQQHOLVSODFHGERWKQHDUWKHVRXUFHDQGGUDLQUHJLRQV$JDWHXQGHUODSRQGUDLQZLWK6LOD\HU
SUHVHQWRQERWKVRXUFHDQGGUDLQVLGHLVUHSRUWHGLQ6WUXFWXUH,,,7KHGLPHQVLRQVRIDOOWKHWKUHHVWUXFWXUHVDUHOLVWHG
LQ 7DEOH , )RU DOO WKH WKUHH VWUXFWXUHV D ORZN GLHOHFWULF PDWHULDO 6L2 N  ZLWK QP DQG KLJKN GLHOHFWULF
PDWHULDON ZLWKQPDUHSODFHGVLGHZD\V3RO\VLOLFRQĭP H9DQG$OXPLQXPĭP H9DUHXVHGDV
JDWHPDWHULDOVSODFHG ODWHUDOO\KDYLQJ OHQJWKVRIQPDQGQPUHVSHFWLYHO\%XW LQ6WUXFWXUH ,,, WKH OHQJWKRI
$OXPLQXPLVQPDQGWKHXQGHUODSOHQJWKRQGUDLQLVQP7KHVRXUFHDQGGUDLQDUHHDFKKDYLQJOHQJWKRIQPDQG
WKHWRWDOFKDQQHOOHQJWKRIQPLQDOOWKHWKUHHVWUXFWXUHV7KHGRSLQJFRQFHQWUDWLRQVRIVRXUFHQDQGGUDLQQ
DUHൈFPDQGWKHFKDQQHODQGVLOLFRQOD\HUDUHKDYLQJDFRQFHQWUDWLRQRIൈFP
6LPXODWLRQVHWXS
7KHVLPXODWLRQUHVXOWVRIWKUHHGLIIHUHQWVWUXFWXUHVKDYHEHHQWDNHQRXWIURP6\QRSV\V7&$'7RVLPXODWHWKH
VWUXFWXUHV)HUPL'LUDF6WDWLVWLFV%DQGJDS1DUURZLQJ0RGHODQG'RSLQJ'HSHQGHQW0RELOLW\0RGHODUHXVHG
5HVXOWVDQGGLVFXVVLRQV
&RPSDULVRQRIWUDQVIHUFKDUDFWHULVWLFVRISURSRVHGKHWHURMXQFWLRQVWUXFWXUHV
7KLVVHFWLRQLQFOXGHVWKHFRPSDUDWLYHDQDO\VLVRIWKHSURSRVHGVWUXFWXUHVRI)LQ)(77KHWUDQVIHUFKDUDFWHULVWLFV
DQG WKH WUDQVFRQGXFWDQFH YHUVXV JDWH WR VRXUFH YROWDJH RI WKUHH GLIIHUHQW VWUXFWXUHV DUH VKRZQ LQ )LJ  7DEOH 
FRQVLVWVRIYDULRXVSDUDPHWHUVH[WUDFWHGIURPWKHRXWFRPHVZKLFKDUHVKRZQLQWKH)LJ
7DEOH'LPHQVLRQVRI)LJ
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6WUXFWXUHV ,21$ ,2))$ ,21,2)) 9WK9 66P9GHF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6WUXFWXUH, ൈ ൈ ൈ  
6WUXFWXUH,, ൈ ൈ ൈ  
6WUXFWXUH,,, ൈ ൈ ൈ  

)URPWKHDERYHPHQWLRQHG7DEOHLWFDQEHXQGHUVWRRGWKDW6WUXFWXUH,,,KDVKLJKHURQDQGRIIFXUUHQWUDWLRWKDQ
6WUXFWXUHV,DQG,,6WUXFWXUH,,,VKRZVWKHKLJKHVW,21,2))GXHWRLWVPLQLPXPOHDNDJHFXUUHQW7KHLQWURGXFWLRQRID
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D7UDQVIHUFKDUDFWHULVWLFVRIWKHWKUHHVWUXFWXUHVE7UDQVFRQGXFWDQFHYHUVXVJDWHVRXUFHYROWDJHRIWKUHHVWUXFWXUHV
KLJKEDQGJDS6LOD\HUDWWKHFKDQQHOGUDLQMXQFWLRQRI6WUXFWXUH,,UHGXFHVWKHRIIFXUUHQWE\DFRQVLGHUDEOHDPRXQW
7KH JDWHGUDLQ XQGHUODS IXUWKHU SOD\V D UROH LQ UHGXFLQJ WKH RII FXUUHQW LQ 6WUXFWXUH ,,, GXH WR UHGXFHG SUR[LPLW\
EHWZHHQJDWHDQGGUDLQ)LJVKRZVWKHWUDQVIHUFKDUDFWHULVWLFVDQGWKHWUDQVFRQGXFWDQFHYHUVXVJDWHVRXUFHYROWDJH
RIWKHWKUHHVWUXFWXUHV)URPWKHDERYHGUDZQILJXUHLWFDQEHFRQFOXGHGWKDWWKHJDWHGUDLQXQGHUODSKHWHURMXQFWLRQ
VWUXFWXUH VKRZEHWWHUSHUIRUPDQFHFRPSDUHG WRRWKHU WZR VWUXFWXUHV'XH WR WKHXQGHUODS UHJLRQ WKHJDWH IULQJLQJ
ILHOG OLQHV HPDQDWHV IURP WKH JDWH HOHFWURGH DQG WHUPLQDWHV RQ WKH GUDLQ XQGHUODS UHJLRQ ,Q WKLV VWUXFWXUH D
SKHQRPHQRQFDOOHGJDWHIULQJHLQGXFHGEDUULHU ORZHULQJ*),%/RFFXUV GXHWRJDWHHOHFWURGHWKLFNQHVVRIJDWH
PDWHULDOZKLFKORZHUVWKHEDUULHUDQGDVDUHVXOWPRUHHOHFWURQVFDQIORZIURPWKHVRXUFHWRGUDLQWKURXJKFKDQQHO
UHVXOWLQJLQOHVV,2))FXUUHQWZKLFKFDQEHVKRZQIURPWKH)LJD
6LQFHLQWKLVVWUXFWXUHDKLJKNGLHOHFWULFPDWHULDO+I2N DVZHOODVDORZZRUNIXQFWLRQJDWHPDWHULDO$O
ĭP H9LVXVHGWKH\WDNHSDUWLQHQKDQFLQJWKHORZHULQJRIEDUULHU7KHKLJKNGLHOHFWULFPDWHULDOLPSURYHVWKH
HOHFWULF ILHOG FRXSOLQJ EHWZHHQ WKH JDWH HOHFWURGH DQG WKH FKDQQHO UHJLRQ LQFOXGLQJ WKH XQGHUODS UHJLRQ ZKLFK
LQWHQVLI\ WKH ,21  7KH WUDQVFRQGXFWDQFH YHUVXV JDWHVRXUFH YROWDJH FXUYH LV VKRZQ LQ WKH )LJ  E
7UDQVFRQGXFWDQFHJFDQEHZULWWHQDV
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
7KH WUDQVFRQGXFWDQFH WRGUDLQFXUUHQW UDWLRVKRZV WKHHIILFLHQF\RI WKHGHYLFHEHFDXVH WUDQVFRQGXFWDQFHPHDVXUHV
WKH DPSOLILFDWLRQ RI WKH GHYLFH DQG WKH GUDLQ FXUUHQW UHSUHVHQWV WKH SRZHU 7KHUHIRUH WUDQVFRQGXFWDQFHWRGUDLQ
FXUUHQWUDWLRLVUHIHUUHGWRDVWKHTXDOLW\IDFWRURIWKHGHYLFH7KHQDWXUHRIWKHWUDQVIHUFKDUDFWHULVWLFVRI)LJD
XOWLPDWHO\UHVXOWVLQVLPLODUWUDQVFRQGXFWDQFHYDOXHVDWJDWHYROWDJHJUHDWHUWKDQ9
$QDO\VLVRIYDULDWLRQRIGRSLQJDQGGLPHQVLRQSDUDPHWHUVRI6WUXFWXUH,,,
2IWKHWKUHHVWUXFWXUHVRI)LQ)(7VSURSRVHGLQWKLVZRUN6WUXFWXUH,,,H[KLELWVWKHKLJKHVWRQRIIFXUUHQWUDWLR
DQGORZHVWRIIFXUUHQW+HQFH6WUXFWXUH,,,LVFRQVLGHUHGIRUYDULRXVDQDO\VLVLQWKLVVHFWLRQ
9DULDWLRQRIJDWHGUDLQXQGHUODSOHQJWK
)URP )LJ  LW LV REVHUYHG WKDW WKH RII VWDWH OHDNDJH FXUUHQWV GHFUHDVHVZLWK LQFUHDVH LQ JDWHGUDLQ XQGHUODS
OHQJWKV7KH LQFUHDVH LQGLVWDQFHEHWZHHQJDWH DQGGUDLQ DOORZV D OHVV FRQWURORI WKHJDWHRYHU WKHSRSXODWLRQRI
FDUULHUV QHDU WKH GUDLQ DV D UHVXOW WKH RII FXUUHQW UHGXFHV 6R LQ WKLV ZRUN DQ RSWLPL]HG YDOXH RI JDWHGUDLQ
XQGHUODSOHQJWKRIQPLVFRQVLGHUHGZKLFKKDVORZ,2))DQGH[FHOOHQW,21,2))
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9DULDWLRQLQGRSLQJFRQFHQWUDWLRQRIVLOLFRQOD\HU
)LJVKRZVWKHWUDQVIHUFKDUDFWHULVWLFVZKHUHGRSLQJFRQFHQWUDWLRQVRIWKHSW\SH6LOLFRQOD\HUDUHYDULHG,WLV
QRWLFHDEOHIURPWKHILJXUHWKDWZLWKWKHLQFUHDVHRIGRSLQJFRQFHQWUDWLRQWKHGUDLQFXUUHQWUHGXFHVEXW,21,2))UDWLR
LQFUHDVHV GXH WR OHVV YDOXH RI ,2)):KHQ WKH FRQFHQWUDWLRQ LV  FP WKH ,2)) LV ൈ$ DQGZKHQ WKH
FRQFHQWUDWLRQ LVFP WKHYDOXHRI ,2))LVൈ$ LH WKHUH LVDGUDVWLFFKDQJH LQ ,2)) ,WFDQEHVKRZQ
IURPWKHILJXUHWKDWWKHFXUYHVIRUFPFPDQGFPDUHVXSHULPSRVLQJEHFDXVHWKHEDUULHUEHWZHHQ
WKH FKDQQHO DQG GUDLQ DUH VLPLODU ZKHUHDV LQ FDVH RI FP WKH EDUULHU KHLJKW LQFUHDVHV DW WKH FKDQQHOGUDLQ
MXQFWLRQ
9DULDWLRQLQILQZLGWK
)LJVKRZVWKHWUDQVIHUFKDUDFWHULVWLFVZKHUHWKHGUDLQFXUUHQWUHGXFHVZLWKWKHLQFUHDVHRIILQZLGWKEXW WKH
,21,2))IRU WKHHQWLUHILQZLGWKVDUHRI WKHVDPHRUGHU$VWKHILQZLGWKLQFUHDVHVFRQWURORI WKHJDWHGHFUHDVHV
6LQFHWKHVWUXFWXUHLVGRXEOHJDWH)LQ)(7VWUXFWXUHWKHFKDQQHOLVFRQWUROOHGE\WZRVLGHZDOOJDWHV6RZKHQWKH
ILQZLGWKLVLQFUHDVHGWKHFRQWURORIDPLGSRLQWLQWKHFKDQQHOGHFUHDVHV7KHUHIRUHWKHGUDLQFXUUHQWUHGXFHVZLWK
WKHLQFUHDVHRIILQZLGWK
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&RQFOXVLRQ
)URP WKH DQDO\]HG ZRUN LQ WKH SDSHU LW FDQ EH FRQFOXGHG WKDW WKH GXDO JDWHPDWHULDO GXDO GLHOHFWULF JDWHGUDLQ
XQGHUODSKHWHURMXQFWLRQ)LQ)(7VKRZVEHWWHU ,21,2))JUHDWHU WKDQFRPSDUHG WR WKHRWKHU WZRVWUXFWXUHV7KH
,21,2))UDWLR LQFUHDVHVE\ WZRRUGHUVRIPDJQLWXGHDQG WKH OHDNDJHFXUUHQWGHFUHDVHVE\RQHRUGHURIPDJQLWXGH
0RUHRYHUWKHSUHVHQFHRI6LOLFRQOD\HURQERWKWKHHQGVDOVRVKRZVVLJQLILFDQWUHVXOWVFRPSDUHGWRWKHVWUXFWXUHRI
SUHVHQFHRI6LOLFRQOD\HUQHDUWKHVRXUFHHQG7KHYDOXHVRI9WKDQG66DUHSURSHUIRUWKHGXDOJDWHPDWHULDOGXDO
GLHOHFWULFJDWHGUDLQXQGHUODSKHWHURMXQFWLRQ)LQ)(7VWUXFWXUH
5HIHUHQFHV
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0RGHOLQJ,(((7UDQV(OHFWURQ'HYLFHV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 96XEUDPDQLDQ%3DUYDLV -%RUUHPDQV$0HUFKD'/LQWHQ3:DPEDFT -/RR0'HKDQ&*XVWLQ1&ROODHUW 6.XELFHN5
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 '+LVDPRWR:&/HH -.HG]LHUVNL+7DNHXFKL.$VDQR&.XR($QGHUVRQ7 -.LQJ - %RNRU DQG&+X)LQ)(7$6HOI
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.\VHU)LQ)(76FDOLQJWRQP*DWH/HQJWK,('0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 $'DWWD$*RHO57&DNLFL+0DKPRRGL'/HNVKPDQDQDQG.5R\0RGHOLQJ DQG&LUFXLW6\QWKHVLVIRU,QGHSHQGHQWO\&RQWUROOHG
'RXEOH*DWH)LQ)(7'HYLFHV,(((7UDQV&RPSXW$LGHG'HVLJQ,QWHJU&LUFXLWV6\VW±
 75XGHQNR9.LOFK\WVND1&ROODHUW0-XUF]DN$1D]DURYDQG')ODQGUH &DUULHU0RELOLW\LQ8QGRSHG7ULSOH*DWH)LQ)(76WUXFWXUHV
DQG/LPLWDWLRQVRI,WV'HVFULSWLRQLQ7HUPVRI7RSDQG6LGHZDOO&KDQQHO0RELOLWLHV,(((7UDQV(OHFWURQ'HYLFHV±
 0$3DYDQHOOR-$0DUWLQR(6LPRHQ55RR\DFNHUV1&ROODHUWDQG&&ODH\V(YDOXDWLRQRI7ULSOH*DWH)LQ)(7VZLWK6L2+I2
7L1*DWH6WDFN8QGHU$QDORJ2SHUDWLRQ6ROLG6WDWH(OHFWURQ±
 %'*D\QRU DQG6+DVVRXQ )LQ6KDSH ,PSDFW RQ)LQ)(7/HDNDJH:LWK$SSOLFDWLRQ WR0XOWLWKUHVKROG DQG8OWUDORZ/HDNDJH)LQ)(7
'HVLJQ,(((7UDQV(OHFWURQ'HYLFHV±
 <+RQJ<*XR+<DQJ-<DR-=KDQJDQG;-L$1RYHO%XON)LQ)(7:LWK'XDO0DWHULDO*DWHWK,(((,QWHUQDWLRQDO&RQIHUHQFH
RQ6ROLGVWDWHDQG,QWHJUDWHG&LUFXLW7HFKQRORJ\±
 0 ' .R &: 6RKQ & . %DHN DQG < + -HRQJ 6WXG\ RQ D 6FDOLQJ /HQJWK0RGHO IRU 7DSHUHG 7UL*DWH )LQ)(7 %DVHG RQ '
6LPXODWLRQDQG$QDO\WLFDO$QDO\VLV,(((7UDQV(OHFWURQ'HYLFHV±
 -3'XDUWH13D\GDYRVL69HQXJRSDODQ$6DFKLGDQG&+X8QLILHG)LQ)(7&RPSDFW0RGHO0RGHOOLQJ7UDSH]RLGDO7ULSOH*DWH
)LQ)(7V,QWHUQDWLRQDO&RQIHUHQFHRQ6LPXODWLRQRI6HPLFRQGXFWRU3URFHVVDQG'HYLFHV±
 <)/LP<=;LRQJ16LQJK5<DQJ<-LDQJ'6+&KDQ:</RK/.%HUD*4/R1%DODVXEUDPDQLDQDQG'/
.ZRQJ5DQGRP7HOHJUDSK6LJQDO1RLVHLQ*DWH$OO$URXQG6L)LQ)(7:LWK8OWUDQDUURZ%RG\,((((OHFWURQ'HYLFH/HWW±
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 < /L +0 &KRX DQG -: /HH ,QYHVWLJDWLRQ RI (OHFWULFDO &KDUDFWHULVWLFV RQ 6XUURXQGLQJ*DWH DQG 2PHJD6KDSHG*DWH 1DQRZLUH
)LQ)(7V,(((7UDQV1DQRWHFKQRORJ\±
 0 1DZD] 3 +DLEDFK DQG:0RO]HU 2SWLPL]DWLRQ RI +DOR ,PSODQW 8VLQJ ' 7&$' IRU 1DQRVFDOH 0X*)(7V ,QWHUQDWLRQDO &RQI
6,63$'±
 6HQWDXUXV'HYLFH8VHU6\QRSV\V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
 $%6DFKLG&50DQRM'.6KDUPDDQG955DR*DWH)ULQJH,QGXFHG%DUULHU/RZHULQJ LQ8QGHUODS)LQ)(76WUXFWXUHVDQG LWV
2SWLPL]DWLRQ,((((OHFWURQ'HYLFH/HWW±
 9 7ULYHGL -* )RVVXP DQG00&KRZGKXU\1DQRVFDOH )LQ)(7V:LWK*DWH6RXUFH'UDLQ8QGHUODS ,(((7UDQV(OHFWURQ'HYLFHV
±
 .0DMXPGDU5 6.RQMDG\576XU\DSUDNDVK DQG1%KDW 8QGHUODS2SWLPL]DWLRQ LQ+ILQIHW LQ3UHVHQFHRI ,QWHUIDFH7UDSV ,(((
7UDQV1DQRWHFKQRORJ\±
 1 % %DODPXUXJDQ . 6DQNDUDQDUD\DQDQ DQG0 )DWKLPD -RKQ ' WUDQVFRQGXFWDQFH WR GUDLQ FXUUHQW UDWLRPRGHOLQJ RI GXDO PDWHULDO
VXUURXQGLQJJDWHQDQRVFDOH62,026)(7V-RXUQDORI6HPLFRQGXFWRUDQG7HFKQRORJ\6FLHQFH±
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 5'DV5*RVZDPLDQG6%DLVK\D7UL*DWH+HWHURMXQFWLRQ62,*H)LQ)(7V6XSHUODWWLFHV0LFURVWUXFW±
